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MACNEnC HEAD SUSPENSION ASSEMBLY 
>ABIUCATED WITH P OECRAL LOAD BEAM 
ANDTLEXURE 



Thk appbcatiao » t cxaBtbuation-xa-part of applica- 
tiOB Scr. Na 07/9S6.5l^ fOed Oct. 7. 1992, Dcyw «bu)- 



GROSS-REFERENCE TO COPENDING 
XmJCATlON 

CopcD dm g U.S. pmeat applicaticm Ser. No. 
07/926.033 fUed Aug. S. 1992 it directed co • head sus- 
pension tssembly particttUrky oicful with nanosJiden, 
which are about 50% of the size of the standard fuU size 
air bearing slidcn. The present application which is a 
oootinuatioD-iD-part ef copcodiBg application Ser. No. 
07/951416, now abandooed, discloses a modified and 
improved bead fuspassion assembly especially tueful 
with femtosbders, which are about 25% of the size of 
the standard full size slidcn. The subject matter of the 
aforementioned copczidiBg application b incorporated 
herein by reference. 

FIELD OF THE INVENTION 

This invention relates to ■ magnetic head suspension 
assembly that accommodates air bearing femtosliders 
which are tiscd in compsct disk drives. 

DESCRIPTION OF THE PRIOR ART 

Presently known disk drives^ such as used in laptop or 
notebook computers, include at least one rotatable msg- 
netic disk, at least one magnetic hetd assembly for 
transducing data recorded on the disk, and a rour> 
bead actuator for transporting the magnetic head to 
selected dau tracks on the routing disk. The magnetic 
head assembly comprises a head suspension fabricated 
with a rigid load beam element and a gimbaling flexure 
A typical head suspension incliides a load beam element 
and a flexure which are fabricated as separate parts and 
are then joined during assembly of the head suspension, 
Special tooling to implement accurate alignment and 
assembly of the load beam and fleiure is required. After 
joinder of the load beam element and flexure, an air 
bearing slider is mounted at the end of the flexure. The 
slider supporu a thin fllm magnetic transducer which 
coacts with the magrtetic disk for recording or reading 
dau signals. 

During operation of the disk drive, the routing mag- 
netic disk provides an aerodynamic lift force to the 
slider, while an opposing gram load force is applied to 
the slider through the flexure. The resuhant of the two 
opposing forces determines the flying height of the 
slider and its transducer relative to the disk surface. In 
its operating flying mode, the slider gimbals iabout a 
l^ad dimpl^formed in the flexure. 



os/^si 




protrusion, commonly k nown as a load dimple. 



In known prior an head suspension and flexure de- 
signs, the load force transfer and gimbaling action are 
separate to provide high first bending frequency with 
low pitch and low stiffness. The flexure participates 
dightly in the load transfer with the load beam while 
primarily providing the low pitch and roll stsfTness 
gimbaling action and providitig high ttiffness for lateral 
motion. These suspensions are characterized by weak 
pitch, roll and bending stiffness when the head ii flying 
over the disk surface. For optimum functioning, how- 
ever, the suspension ttructure should provide a high 
first berkding mode resonant frequency so thai the slider 



2 

Mlow wiatioos id the top ogii| >hy of the routing 
fak nirfiioc while providifig low phch nd roD stallMk 
A»ochcr objective is the dcsgn of compact disk 
drives wfaicb vc used io Uptop or ootebook oomputen 
is to .■lininuzc the size and nass of the drive eooipo- 
ocDU. A mtuctios in Z^hdg ht (vertical hdghi) of the 
nspcnsoB «ad shder assembly reialts id a oornapond- 
iag reductioo is the Z-hcigbt of the oooipact disk drive 
iaeorporatifig the atiembly. A sUndard fUl Me lUcr is 
•boot 0.160 inch loag. 0.125 inch wide and O.0M5 inch 
high. Presently known disk drives employ nanosUden 
that measure approximately 0.080 inch kmg. a063 inch 
wide and aOH inch high, which size is abcnil 30% of 
the size of a standard slider. The novel tucpeasioo and 
slider design disclosed herein is particularly vscfiil for 
femtosliden, which measure about 0.040 inch long, 
0.030-0.026 inch wide and O.OI 10 inch in overall height, 
which size is about 23% of the me of a standard full Bze 
slider. It should be undervtood thai the novel design 
may be used with other size diden m well. 

SUMMARY OF THE INVEKHON 
An object of thii invention is to provide a head sus- 
pension and slider assembly having Bgaificantly re- 
duced Z-height. 

Another object of this inventioD is to provide a head 
supensiott assembly cbaracieiized by low pitch and roll 
stifTness. 

Another object is to provide a head suspension assem- 
bly characieriied by low bending stiffness with de- 
creased grim load tolerance effects. 

Another object is to provide a head suspension assem- 
bly characterized by a relatively high first bending 
mode, first torsion mode, and first lateral mode resonant 
frequencies. 

A further object is lo provide a head suspension de- 
sign that affords significani savings and advanuges in 
manufacture and mass production. 

According to this invention, a magnetic head suspen- 
Gon assembly is formed from an integral planar piece 
comprising a load beam section and flexure section. The 
load beam is configured preferably as a truncated coni- 
cal section having flanges along itt sides and an extend- 
ing tongue at iu narrow end. The side flanges are 
formed with U*shaped channels and provide rigidity 
and stiffness to the load beam section. The load beam 
tongue extends[bto the fkxure section and is formed 
with a hemispherical load dimple which faces down to 
the non-air bearing surface of a head slider. A U-ahaped 
cutout portion that is formed in the flexure aection adja- 
cent to the load beam tongue delineates the shape of the 
tongue. In one embodiment of the invention, the flexure 
section includes two narrow etched legs that extend 
from the load beam and are disposed ndljaceni to the 
cutout portion. The narrow legs are connected by a 
lateral ear at the end of the flourr] 

^ ^ from the narrow end of the load beam s^rtinn jpt^ ^ 

Shapej opening of the flexure section Th e load beam tnnynp 
tOrmeCl with a load SUPDortlna protruslnn o r dimoie that pvt^tp^ p 
qPWnward to contact a non-air bearin g surface of a head slider 
The Shaped opening defines two fley yre beams that extend in ^ 
longitudinal direction of the load beam T h e flexure beam«y o rft 
connected bv a transverse section at tha p n d of the fleyurft ftft ^ tj pp 
opposite the narrow end nf the load hp ^m section 

In this implemeata- 
tion^^the bead slider is bonded to the booom surface of 
thdbtenl earj 

transverse sg^fipp, 

in an alternative embodiment, the flexure 
section includes outriggers configured aa a split tongue 
to which the slider is bonded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention wQl be described in greater detail with 
reference to the drawings in which: 

FIG. lA IS a top plan view of a head sutpensioa and 
slider assembly, made in accordance with this inven- 
tion; 
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FIO. IB IS a from devatioul view of the kctd mis- 
pcntaon of FIG. 1; 

FIG. 2 is « tide elevation view of the assembly of 
FIG. 1. thowing a bead tlider attached to the end of the 
flexure, in « loaded positioo and tn phantom in an un* 
loaded position; 

PIG. 3 is a bottom view of the head suspensioo of 
HG. 1; 

FIG. 4 is a tide elevation view of the assembly of 
FIG. 3, showing the load dimple without an attached 
tliden 

FIG. 5A is an enlarged view of i portion of the bead 
suspensioo of FIG. 3; 

FIO. 5B is a front elevation view of the head suspen- 
sioo of FIG. 5A; 

FIG. 6A is an enlarged view of a portion of a head 
suspension and flexure incorporating an alternative 
design; 

FIG. 6B is a front elevation view of the head suspen- 
sion portion of FIG. €A; 

FIG. 6C is a representation a] front view showing the 
overhang of the outriggers of FIO. 6A relative to a 
slider; 

FIG. 7 is a side elevation view of a portion of the 
head suspension shown in FIG. 6A; 

FIG. 8 is a plan sectional representation of a paddle 
board or fret illustrating three of a multiplicity of head 
suspension bodies stamped from a piece of stainless 
steel; 

FIG. 8A is a side elevation view of the paddle board 
of FIG. 8; 

FIG. 9 is a lop plan view of a nanoslider suspension, 
such as disclosed in the aforementioned copending ap- 
plication; 

FIG. 10 is a top plan view of a femioslider suspension, 
with an extended part to enable handling during pro- 
duction; 

FIG. 11 is a top plan view of the femtoslider suspen- 
sion of FIG. 10 with a skewed configuration relative to 
the extension; 

FIG. 12 shows the femtoslider suspension without 
the extension for the purpose of illustrating the relative 
sizes of the nanoslider suspension and the femtoslider 
suspension; 

FIG. 13 is a top plan view of a femtoslider suspension, 
partly broken away« including load/unload side tabs; 

FIG. 13 A is a section A— A taken through FIG. 13; 

FIG. 14A is a top view of the flexure of the suspen- 
sion, partly broken away, showing a stepped flexure; 

FIG. UB is a side view of the flexure of FIG. UA; 

FIO. 14C is a front view of the flexure of FIG. 14A. 
Similar numerals refer to similar elcmenu in the draw- 
ing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

With reference to FIGS. 1A-5B, a magnetic head 
suspension assembly includes a load beam section 10, a 
flexure section 12, a leaf spring section 56 and a rear 
mount section 42. The suspension is formed from an 
integral flat piece of nonmagnetic ixutehal, preferably a 
300 Series type stainless steel having a thickness of 
about 0.0012 to 0.0015 inch. As t resolt of using an 
integral piece, the load beam section 10 and flexure 
section 12. as well as the leaf spring section 56 and rear 
mount section 42, are disposed substantially in a single 
plane. No separate forming of individual load beam and 
flexure parts is required. Therefore, do assembly steps 
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of joining and wdding are seeded for ctudusf the 
flexnrc to the load beam. 

Tbt UmA bean scctioD It b prefenbly mmdt m a 
tnmcated conical or triangular shape. The land bcagi 
•ectkm hat a ahon tapered loogueUcztcBdingfroanti 
relaUvdy narrow.cod ioio the flesm mion uTrSe 
lo&gue 14 B ddmeated by a U-thapcd eotovt U the 
flexure tectuwl 

the relatively 

narrow end of the load beam section into a shap ed opening 16 of 
flexure section 12. The tonoue 14 deli neates the U-shape of the 

opening 16, 

The load beam tongne 14 providei low 
denectiom m the directiOB arthogona] to the plane of 
the load beam tectioB and fleiure lectioo by virtne of its 
uiort length and low gram load force. 

A constrained layer damping efement 19 mKJe of 
dastoner lOA about 0.002 inch thick and an overliy 
MB of about 0.002 inch thick iiainless ned is laid down 
on the top fniface of the m^ior section of the load beam 
to mmmuze undemble resonances of the tuipensioo. as 
ihowD m FIO. I. Alternatively, a simUar damping cJe- 
ment 21 may be deposited on the botrom surface of the 
load beam without interfering with the flexure 12 as 
Mown in FIG. 3. 

The flexure section 12 includestarrow legs 32 that 
IK located adjiccnt to the tides of tBc U*shaped cutout 
16. The flexure legs 32) 

flexure beams 32 defined 
by shaped OPenlno 16, The flexure beam<:; 3P 

are chemically etched to a thick- 
nett of about 0.0010 inch for increased flexibility. The 

flexure beams 32 are narrow 

[battow legs 32 ar^thin and relatively weak to allow the 
desired gimbaling action about the load dimple It and 



also to allow the suspcnsios to have low roll and pitch 
stifTneu. A lateral connecting p«n or]^ 38^ 



transversp section 



.... it formed 

with the mtegra] flat load beam and flexure to connect 
endi of thejMLrrow legs SrJ 

flexure beams ag. 

In this implemenution of the invention, a dider 22 is 
bonded to the htcra] connecting pan 38. A hcmispheri- 
caJ load dunple 18 is formed on the load beam tongue 14 
and is in conuct with the top noo-air bearing surface of 
" »i' fc^ng slider 22 that is bonded to the Utera) nan 
orjiu- 38j ^ 



transverse section 3B 



The load dimple 16 is formed so that the 
hemisphere of the dimple faces down to the slider. The 
dimple 11 may be ofTsei, 0-0.006 inch for example, from 
the centerline of the slider in order to control flying 
height characiehsiics. 



• t 



U-shaped fltnges 34 extend along the sides of the load 
bean section and are truncated before reaching the 
flexure section 13. The fUnges 34 contribute to the 
stifTness of the load beam section and localizes the bead- 
ing action to the spring section 56, thereby mixunuzing 
the pitch attitude changes due to arm/disk vertical tol- 
erances. Head circuitry wiring 93 without the oooven- 
tional tubing is located within the channels of the 
flanges 34. The absence of tubing allows the U-cbaped 
channels of the flanges 34 to be relatively shallow 
thereby contributing to the reduction of the Z-fadght of 
the bead suspension assembly. Adhesive material M is, 
used to maintain the wiring 93 Axed in place. Adhesive 
flUeu 91 are provided adjacent to thefEar PTX 



alidcr 33. The fillets 91 are exposed and thus can be 
cured easily by application of ultraviolet radiation. 

In a disk drive using this head suspension and slider 
assembly, flexing occurs between the load beam tongue 
14 and the flexure legs 33. With this design, the load 
force is transferred through the tongue 14 to the tnin- 
eaied conical section of the load beam. TVs iatcp^ 
load beam/flexure configuration allows the separation 
of the applied load transfer force from the gimbal action 
so that the structure may be made ftifT at the load beam 
for proper bending and relatively weak about the load 
dimple to allow proper pitch and rod of the slider. 

A feature of the head suspension and slider assembly 
disclosed herein is that the slider 33 is oooflgured with 




transverse section 38 



■nd the 
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a step 28, which is formed by cutting a recessed ponion 
or platform 30 on the Don-air bearing top surface of the 
slider 22, The 2-hcighl of the step 2fi is substantially the 
same as the 2-hcight of the hemispherical load dimple 
18. SufTicicnt spacing is provided between the load 
beam tongue 14 and the top slider surface to allow free 
gimbaling action of the slider 22 with no interference 
•from the load beam. The slider step 28 is sufTiciently 
high so that the slider end at the trailing edge can ac- 
commodate a thin ftlm magnetic transducer including 
its coil turns. 

The leaf spring 56 between the load beam section 10 
and the rear mount section 42 is formed with a trape2oi- 

■^''•'"^'l"'"^ opening 

60 to provide flexibility. The flexible 
section 56 is formed to provide a desired load force that 
countcracis the aerodynamic lift force generated by the 
rotating disk during operation of the disk drive. The 
load fotcc arises from bending the suspension from the 
phantom position, shown in FIG. 2, to the raised posi- 
tion as indicated by the arrow. 

The rear mount section 42 of the load beam 10 has a 
hole 48 to allow connection of a swage plate 46 to the 
suspension by means of a boss 48 and by laser welding. 
The swage plate 46 provides stiffness to the rear mount 
section 42. Rear flanges 54 provide wire routing chan- 
nels to protect the wires during handling. 

The head suspension and slider assembly described 
herein incorporates a stiff load beam and a relatively 
long and narrow flexure which includes thin weak flex- 
ure legs and connecting lateral part. With this design, 
low bending stiffness and high lateral and longitudinal 
stiffness with low roll and pitch stiffness are realized. 
The load beam tongue has a high vertical or perpendic- 
ular stiffness so that there is minimal bending of the load 
beam tongue up or down relative to the plane of the 
suspension. The first bending niodc resonant frequency 
or vibration is substantially higher than known prior art 
suspension designs of comparable size. 

In an actual implementation of this invention, the 
overall height of the slider is about 0.0110 inch, its 
length about 0.0400 inch, and its width about 0.020 inch. 
The height of the step 28 is about 0.001 5 inch above the 
rcce.wcd ponion 30 which is 0.0336 inch long. The 
surface area of the top of the step 28 is preferably mini- 
mized in size to reduce the effects of bending or warp- 
ing at the surface of the slider step which may occur due 
to the difference in the thermal coefficients of expansion 
of the ceramic slider 22 and the stainless stecl^r 38!J 

transverse section 38. 

Such bending would affect the flying characteristics of 
the head adversely. 

In an alternative embodiment of the head stispension, 
illustrated in pan in FTGS. 6A'T. the flexure section 62 
is formed with a tongue 64 and a^utout 6^ 

shaped opening 66. 

A down-fac- 
ing load dimple 7^$ provided on the tongue 64.^ar- 
TOw etched legs 68] 

Narrow, thinly etched 

flexure beams fiR 

(hat extend from the loa^ betijn 10 
are connected by a transverse part 70. TheTIegs 



flexure beams 68 

are 

chemically etched to be thinner than the integral flat 
piece used to form the load beam and flexure sections. 
Outriggers 72 forming a split tongue are provided at the 
sides of the flexure ^and are separated from the thin 
[legs 68 by cutouts 74^ 

flexure beams 68 by spaces 74 

The outriggers 72 overhang the 
sides of the slider 22 and the slider is fastened to the 
outriggers by^ adhesive fillet 90^ 



adhesive fillets 61 



In this implemchta- 
tion. the top non-iir bearing surface 20 of the slider 22 
is bonded to the outriggers 12 by Adhesive fillets^hich 
provide bond strength at the cutout 16J 

61 which provide bond strength 



as shown in 

FIG. 6C, The slider 22 is mounted to the outriggers 72 
so that the center of the slider is aligned with the load 



6 

dimple 76, «od the slider projectt beyoad the end of the 
tmsvene ptn 70. There k no oAet of the load dimple 
76 relative to the cenierline of the slider. With this 
implemenution. t lower vertical height (Z-height) ii 
realized. Also the slider bondisg areas of the outriggers 
72 are larger than the bonding area of the lateral con- 
Meting part 38 of flexure U of HG. L In thb tmple- 
mentatioa. there is little room to move rhc slider toward 
the leading edge relative to the load dimple, which may 
be necessary to obtain optimal flying attitade. Abo. 
additional forming is required in order to bend the two 
outrigger legs 72 down to the bend 20. which increases 
the tolerances during production. 

FIG. a shows a paddlcboard or fret SO formed from a 
stainless steel piece thst has been stamped with a num- 
ber of head suspensions 12, each of which was formed 
with the design shown in FIG. 1. Tooling holes S4 and 
support legs S6 are provided for further handling. FIG. 
•A shows the paddleboard SO with support legs 86 bent 
to enable working on the extremely small femtosUder 
suspensions. 

FIG. 9 shows a nanoslider suspension such as dis- 
cloied in copending application Scr. No. 07/926.033. 
The nanoslider includes s load beam 94, nexure 96, load 
beam tongue 98, spring section ICQ, rear mount loction 
102 and slider 104. 

FIGS. 10 and 11 illustrate the femtoslider suspension 
of this invention wiih the load beam 10, flexure 12, 
spring section 56 and s rear section hsving a tooling 
hole 106. The tooling hole section 106 is atUchcd to an 
ei tension 108 formed with an spcnured swage 110 that 
allows attachmcDi to a rotary actuator. In effect for 
extremely small drives, such as 1.3 inch and smaller, the 
extension 108 serves as an arm pivot and precludes the 
need for a separate arm structure, as used in the prior 
art. The extension 108 also allows the assembJy to 
match the overall length of other industry standard 
"70%" microslider susp)ciisions, thereby making it easy 
to use existing tooling. 

FIG. 11 shows the suspension skewed with relation 
to the extension 108 to compensate for skew experi- 
enced as the bead moves between the outer diameter 
and the inner diameter of the disk during accessing. The 
extension may include apertures 112 for weight reduc- 
tion, as shown in FIGS. 10 and 11. The apertures 112 
serve to adjust for resonant conditions and/or to adjust 
for total actuator balance about the pivot. 

FIG. 12 illustrates the femto&hder suspension without 
the extension and shows the large diflerence in size 
between the nanoslider and femtoctider suspensions. In 
an ifflplemenution of the femtoslider. the length was 
about 0.395 inch and the greatest width was about 0.056 
inch. 

With reference to HGS. 13 and I3A, a bead slider 
suspension includes flat side ubs 120 which protrude to 
enable loading and unloading of the head suspension 
assembly relative to the surface of a magnetic disk tn a 
disk drive. The side ubs may be present on one or both 
tides of the load beam. The side Ubs 120 are moved by 
means of a tool for lifting or lowering the suspension 
assembly. The addition of the flat side ubs which are in 
the same plane as the load beam does aot add to the 
vertical Z-bdght of the suspension assembly. 

FIGS. 14A-C depict a partial suspension assembly 
having a slider 122 and a thin film transducer 124 at a 
slider end. The slider 122 has a flat top surface 126 on 
which the toad dimple 76 is seated. The stkler 122 is not 
formed with a step 78. as shown is the slider design of 



FIG. 7. The flat surface 126 extends across the entire 
top of the slider. However, the front end of the flexure 
128 is bent at sections 130 and 132, as shown in FIG. 
■ 14B 10 allow the flexure to come down by a distance 
subsumially equivalent to the height of the load dimple 
76. In this way, the flexure 128 coniacls the flat top 
surface 126 of the slider 122. The slider is bonded to the 
bent sections 130 and 132 by adhesive fillets 134 and 
136. The flat contact surfaces of flexure 128 and flat 
surface 126 at the top of the slider are also bonded to- 
gether by adhesive. By using a flat surface slider, the 
slider requires less machining, thus realizing a savings in 
lime and labor costs as well as a reduction in possible 
breakage and error during production. 

By virtue of this invention, a single inlcgraJ piece is 
formed with a load beam and flexure, thereby realizing 
a significant savings in material and labor. Aligruncnt of 
the load beam and flexure and welding of the separate 
parts arc eliminated. Certain critical tolerances that 
were required in former load beam/flexure assemblies 
are no longer needed thereby enhancing the assembly 
process. The design allows the separation of the load 
transfer function from the gimbaling action which elim- 
inates the weak bending characteristic found with prior 
an suspensions. It should be understood that the param- 
eters, dimensions and materials, among other things, 
may be modified within the scope of the invention. For 
example, the shdcr design with the step and platform 
configuration disclosed herein can be used with a "50" 
panoslidcr suspension or other size suspensions. 



